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An investigation was made by ' t he  NACA wing-flow method t o  deter- 
mine the lqituainal stabil i ty and control  charaoteristics  at 
transonic speeds of a e d s p m  model of the XFW-1 ta i l less  air- 
plarie. The 2%-percent chord Line of the wing of the m o d e l  WELB 
ewept back 35 The airfoi l  sections of the wing perpandicular 
t o  the zg-percent chord line were 32 percent thick. Measurements 
were made of the n o m  force and pitching momsnt. through an 
angle-of-attack range fraan about, -3' t o  ik0  for several xilavator 
deflections a t  Mach nunQer8 f'ra '0. e. t o ,  about 1.08. 

. .  - .  .. m e  results of the t e ~ t e  indicate& no  adverse effects of ... . '., tion&esSlbility up to a Mach .number of at least 0.83 at lotr 
nom-force  coefficients and EmrRll ailavatm. deflections- Up 
t o  a Mach nuniber of 0.85, the neutral point a t  low domnal-force 
coefficients w m  a t  about 25 percent of $he mean aerodynamic &ora 
and.Wved rearward irregularly to 41 ' o r :  42. percent with a further 
increase i n  Mach number to about 1.05. For Befldctions up t o  -%.Oo 
the ailavator was effective In changing the pitching mamsnt except 
at Mach numbers f r o m  0.93 t o  about 1.0 *here ineffectivenese or 
reversal was indioated f o r  deflections and normal-force coef- 
f icients With -13 -2' deflection at normal-f orce coef f iclenta 
above about 0.3, reversal of ailmator effeotiveness occurred at 
Mach numbers 88 low as O.& A noee-barn trim change, which bogan 
at a Mach n W e r  of about 0 . 6 ,  together with the loss  i n  effeo- 
tiveness of the ailavator,  indicated that with increase in the 
Mach number from about 0.95 t o  1.05 an abrupt ailavator movement 
of 5O or 60 f i r s t  up and then down wodd be required t o  maintain 
level flight- 
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AB a part of the investigation of the longitudinal stability 
and control  characteristics of colniplete airplane configuration in ' 
the  tramonic sped  range, teste have beenmade by the NACA wing- 
flaw method on a 0.026-size earnispan model of the XX'TU-1 ta i l lea6  
airplane. Results of wind-tunnel t e e t s  of the same configuration 
up t o  a Mach number of 0.91 have been reported in reference 1- 
The preeent wing-flow testa covered a Mach number range of 
about 0.63 to 1.08. The result8 of normel-force, pitching-moment, 
and angle-of-attack meaeurementa at various ailavator settings 
are prcsented herein for the basic configuration of the model. In 
order t o  preeent. these result8 at the earliest posaible date, because 
of the  current need for  aerodynamic data of this nature, a complete 
anaJyeis of the  results haB not been mahe. 

effectrvo dynamic preesure 

mean aerodynamic  chord of 

normal-form coefficient 

pitching mcrment coefficient referred t o  O.l'Ti5 
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acceleration of gravity 

Reynolds number . 
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: - - ,The tests were made by. the NACA wlng-flat' mbthod (reference8 2 

and 3) in which the mdel .As nobnbd i n  'the high-speed fl6w oyer the 
wing ,qf a P -5p  alrplw. 

Photographs of .the 0.026-scale inode1 pquipped with a n  end 
plate a$ the .fugelage 'center 1- +6 given '86 figures 1 an& 2 - A 
detailed three-view drawing is ehowir'.as figure 3. The geometric . 
characteristics- of 'the nude1 ar@ given in  .table I which .also ' . 

include6 the dimensibns. os 'the fiU-s'cale air'plane for comparison. 
The model wae equippedAwlth. f 1ve' interchaqpable ailevators having 
fixed deflectiom of 0 ., -I;. @,' -&.go,' -8.OU, end -13.2O measured 
in a plane normal to .the Y - a x i s  of' the. model. The model wee * 

mounted on a shank whlch paesed tArougl;h. a s l o t  in the tx&plane 
wing and was supported on a' strain-gage balaace- The model and 
balance were arranged to rotate as a unit and, therefore, the 
balance measured the force *normal t o  the chord of the model .& all 
angles of attack.. A f-e-SloeLtFng v w ,  s h a  in  figure 2, w a ~  ' 
used t o  determine .the-direction of air: flow at  thc mdde~..locationo 

The chordwise Wd .vertical gradients of velocity over the 
-P-51D airplane wing i n  the region of the model were similar .to 
thoso. of ,the  teat6 of .referewe .4- The ,effective dynamic: preesure q 
and the  effective Mach number M=-"were determined by integrat- . 

, the velocity  distrib~tion 0ver;'the -area covered by the wing of ' 
th& model. 

Tests were made @th each of tho. ai&vators imtelled. on 
the model in two high-spsod' dives of the P-53.D airpl-, 'me .Prom 
8 '  high altitude and the  other fxm a medium; altitub, and i~ a . 
low-alfiitude. high-speed level-flight run* The average' relation 
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. between Mach number and R~ylrolds number, fo r  t h e  tes ts  at the 
VWiOLlB & t i t U b S  I S ,  Shop in f % g W O  4. 
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number within experimental error, ee. is fllustrated by the ample 
data of figure, 7. The results of figure 5 show that ,   a t  .low 
positive, normal-force coefficients and small ailavator  settings, 
a considerable nos,e-d& trim 'cfihge occurred start ing  at  a Mach 

. number o f  about 0.85. .With 'increasing fumml-force coefficient 
u-p t o  about 0.4, the krLm charge occurred a t  lower Mach rimers 
and became more eevere.' The ,data of figure. 6 indicate, in general, 
o w  moderate v'ariatiqm of the angle of attack  at' coaetant normal- 
force  coefficient over the Mach number range. It w i l l  be noted 
that  .at a Mach  -number of about 1.0 the angle of attack f o r  a given 
normal-force coefficient i s  appraximately the same for  ailavator 
deflections up to -8. Oo, bdicating  Ineffectiveness' of the  ailavator 
over thie def&ection rango. 

The variation of ndrmal-force coeffiafent with angle of attiapk 
for each ailavator  deflection shown in figure 8 f o r  several Mach 
numbers is  linear,  .at  lea& up to  a normal-force 'coefficient 
of' 0.4 a t  all Mach  numbers except for tho range from 0.92 t o  0.98 
for which the  variation ie linear t o  somewhat smeller no&-force 
coefficients; ,The s l o p  o.f She normal-force curve d%/da . * 

(taken over the linear portion of the curve) presented ili figure gr 
ehows a fairly gradual. increase with Mach number for all ailavator 
deflections with no large _. abrupt changes indicated., , 

a .  

'Phe 'variation of pitching- coefficient with nomal.-force 
coefficient  at several. Mach  numbers f o r  the  various ailavator . 
deflecti.ons is peeentea ih figma. 10. The slope. of the pitchiw- 
moment c m e  dC&/dCpr ' is plotted i n  figure U. against Mach rider 
for the various ailavator  deflections. Th ie  s l o g  was taken over 
a range of normal-fmce coefficients carreepading t o  about 9 g 
from the normal-f orce coefficient ( a l s o  ahawn i n  fig.  11) -required 
for level flight at 3O,OOO feet  aititude with a wlng loading of 28. 
The rekwlts of figuree 10 and Ur indicate no movement of the neutral 
point in  thfe normal-force-coefficient range .up t o  a Mach number of 

, abjut 0 I 85- A t  Mach n m b p ~ ~  from 0'. 65 t o  about 0.85, the margin 
between the center ,of grayits and the neutr'al ' p o i &  fo r  cent& of 
gravity at ~*lT-percent, mean _. aerodynwc * chbrd WBS 7- t o  8-percent 
mean aerodynamic  chord and"increaeed t d  24- t o  25-percent me+ 
aerodynamic  chord vith increme . i n  Mach nyuijmr t o  1.05. T4is 
lat'ter mv&ment of"the neutral  point we8 progreseiVely reavirard 
fer atlavator deflection4 froin -4.9' t o  -13.2O; b i t  for &S&vator 
deflectione of Oo and -1..,@', ,.the- movement was first rearward, then 
f -ma; anit f i w  ree&-d . ' .  , -  ' 

. -  , .  . .  . -  . .  
. .  - . .  . - .  . 

. '.The..results' of fig- 5 have been rearrhged'in f i w e  I2 to 
show #the .;variatim - of pitching-Foment 'coefffcient with Mach ?umber 
for: each ailwator def1ectloi-L  a%  carisitant ~ n o ~ - f m c ~  coefficient 
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Figuye 13. gipes $,he Variatjpn of ' pi$ching-pment.  coefficient  with 

several Mach nwbers. !RS$ results of figures 12. and 13 indicate 
that for  a5lasrator deflections up t o  -8.00, the ailavator if3 
effective in cLE.anging.the p i tchng moment et Mach numbers  up t o  
about 0.93 and above about 1.0. ' At M@ch numbers from about 0.94 
t o  1.0 ailavator  ineffectiveness or reveraal,is  indicated for 8cme 
deflections and ,nmal-force  -coefficients. With -13- 2' def'lection 
a t  normal-force coefficients above about 0.3, reversal of ailavator 
effectiveness  occws at Mach numbers 88 law as O-&L. 

. 
-w , aibvator  deflection f o r  yariod norm'al-force coefficien-bs at 

The ailavator  deflections resubed ' to . , t r im the full-male 
airplane in   l eve l  and 2g Wkelerated flight at Mach nMibers 
from 0.65 t o  1.08, as determined from the rQsults of ffgure 3, 
are given In figure 14. The wing I c a w  was taken as 28, the 

.. center of gravity at l7-percent man aerodynamic chord, and the 
altitude  as 30,000 fe6t. The normal-force coefficients requlred 
for level and 26 accelerated flight are also shown. The cross- 
hatched 8p"a imtfcates a range of Mach nG3ers for which the 
airplane  apparently  could be trimmed at two or three aflavator 
deflections a.s the result of revereal of ailavator  effectivenem 
at t;heee Mach  nlrmbers. Far level flight the results 3.ndicate.a 
slight: decrease h,a i l i iva tor  deflection with increase i n  speed up 
to a Mach  number of about 0.6. A t  Mach numbers increasing 
from 0.85 t o  0.95 an up-silavator movemekt of about 2O is Indicated. 
With further  increase i n  Mach nmiber frm 0.95 t o  1.05 an abrupt 
ailavator movement of 5O or  60, first up.  and then down, would be 
required. In  order to at ta in  a 28 acceleration frqn the level-  
flight condition, an up-ailavator movement. of from lo t o  as much 
as 1l0, depending on the Mach  number, would be required i n  the 
Mach number range f'rom 0.90 to 1.03. 

The results of NACA wing-flow tests of the longitudinal 
s tabi l i ty  and control  characteristics of a semispan model of the 
XFW-1 aiiplane throu&out the Mach number range f'rm 0.65 t o  1-08 
indicated no advorse effect6 of Compre88lbilitg up to a Mach number 
of a t   l ea s t  0. €5 at low n o r a - f o r m  coefficients and aflavator 
deflections - Up t o  a Mach number of 0.85, the  neutral point; at 
low normal-force coefficieqix was a t  about 25 percent of the mean 
aerodynamic chord and moved rearward frre&Larly t o  41 or 42 percent 
with furthgr increase in  Mach  number t o  about 1.05- For h f l e c t i o n s  
up t o  -8.0 I the ailavator wab effective in changing the  pitching 
moment except at Mach numbers from 0.93 t o  1.0 where ineffectiveness 
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.. or reversal w a ~ ~  indicated for sane defbctiom and normal-fkce 
coeTffcieqts With -13 deflect.ian at. normal-force cooff icientfl 
above  about 0.3, reversal of ailmator effectivenese occurred at 
Mach  numbers a8 law ag 0. a. . A nose-down trfm’chauge which began 
at a Mach  number of about 0,.85, togqther with the--lo’ss in’ effsc- 
tivenese’ df  the ailavatcm, indicated that with irlcrease in the .. 
Mach  number fram. @?out 9.95 to, Lp3,  an ‘abrupt ailavator inovemerrt 
of 5O or 60 first’ !p and. then .down would . be required to maintain 
level flight. , . .. ... . 

. , .. ” -  - . . .,- - . . .  

Langley .Memorial Asronqt ic& -Laborato&y- I .. 

National AdTrisory Camittee for Aeronautim .* 
. . .  

’ Langley Fiela, Va. . .  . 
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Chief of Flight Research 9ivisfon 
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TABLE E c 

wing: 
Seotial  (pergenbicular t o  

Scmiepan 
Mean aarcdynrmric cha-d 
Chard at t i p  
Chard at p l m e  of eJrmnstq 
Area ( a d s p a n )  
Taper r a t io  
Aspect r a t i o  
Sweepback (25-percent 

chord line) 

Dihedral 
Incidence (constant) 

25-percent  chard lins 

vert ical  tail: 
Area of one (inclubing dng 

h p c t   r a t i o  
Sweepback (25-percent chord 

intersection m e a )  

l i ne  1 

Model 

l 0 3r 
00 

2.94 in. 

0.91 in. 
2.e sq in. 

24.50 

6.24 eq in. 
1-73 

* 40° 

A i r  ducts: 
k e a  of entrance (one 
h a  of exit ( O M )  

0.156 sq in. 
0.134 eq in. 

Full-ecale 
airplane 

9 ft 5 in. 
35 in. 

24.5O 

.I 

27-5 f t  

8.14 eq ft 
3.49 aq ft 
37 ft 

1.60 aq f t  
1.28 BQ f t  

Location of center of gravity 17 percent H.A.C. 17  percent M.A.C. 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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Figure 2.- XF7U-1 semispan model mounted above wing of P-5lD airplane. 
Free-floating vane also shown. T 
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Figure 4. = Variation of Reynolds number d t h  Mach number for t e s t s  In 
high a l t i t ude  and medium altitude dives and in l o w  altitude leve l  

flight run. 
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Figure 7.- Typical example of d a t a  as obtained In t e s t s  at three a1 tf- 
tudes. ba = -1.6O, CN = -0.1. 
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Figure 9.- Varfation wlth Mach number of s l o p e  of normal-force curve for 
several ailavator deflections.  
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(b) M = 0.925. -ITTEE m -ma 
(c) M = 0.95, 
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Figure 11.- Variation with Mach number of slope of pftching-moment curve d% N 
for  several  ailavator  deflections.  Normal-force coeff lcfent  for l e v e l  

Plight also  sham. 
-., 
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Figure 12.- Variation wIth Yach nrnber of p l t c h i ~ - m ~ m e n t  coafflclent f o r  varIoUf 
ellavator deflections at aeveral non.al-forcs caaffecienta. 
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(a) P4 = 0 70. 
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Figure a:- Variation w l t h  Mach number of a l l a v a t o r  _and10 required f o r  
t r i m  in l e v e l  and Zg a c c e i e r a t e d   f l i g h t  a t  a l t i t u d e  of w,QQO Feet 
:dth Wing loading of 2e and c e n t e r   o r ' g r a v i t y  a t  17 percent M.A.C. 
Xormal-force  coafficient for l e v e l  an,d 2g acce lera tec t   f l lgh t  also  

shown. 
a 


